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Abstract. In this paper aspects of technology and entrepreneurship interaction are considered. Firstly 
some dynamic aspects of technology are presented from a brief literature perspective. This is then con-
trasted to and integrated with some elements of entrepreneurship where cyclic aspects are influenced by 
unemployment in the business and possibly technology environment. This work is built on some views 
presented by previous authors such as Faria and others. Their work is extended to a conceptual systems 
thinking model representing cyclic factors in entrepreneurship using a causal loop diagram (CLD) ap-
proach. Some business statistics from databases are gathered and analysed for entrepreneurship to show 
and support some arguments of Faria and others about cyclic nature of entrepreneurship. A conceptual 
system dynamics approach for the entrepreneurship dynamics is presented based on previous research. 

Keywords: simulation, systems management, technology system, system dynamics, cyclic, business 
competition. 
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1. Introduction  

Development of technologies makes impact to all 
sectors of economic, social and other activities. 
Recently, a lot of attention was focused on entre-
preneurship in the context of high technologies 
implementation and development. This paper car-
ries forward some of the research perspectives on 
technology dynamics presented previously by 
L. Pretorius and J. H. C. Pretorius (2014). This 
work focused on the aspects of simulation of tech-
nologies that interact whilst exposed to competi-
tive business environments. Some future research 
suggested was to explore further the work of Faria 
and Cuestas (2008) on entrepreneurship and un-
employment. Their work as well as ensuing work 
(Faria, Cuestas, & Mourelle, 2008) was focused 
on suggesting some dynamic and cyclic character-
istics of entrepreneurship and linking their theo-
retical approach to some econometric analyses.  

The current research in this paper is aimed at 
addressing some of the dynamics of entrepreneur-
ship suggested by Faria and others using a systems 
thinking and to some extent a system dynamics 
approach. The difference in this paper is that the 
equations presented by Faria and others will be  
 

extended to some nonlinear domain as well. The 
conceptual causal loop mapping (CLD) for link-
ing the dynamics of entrepreneurship and unem-
ployment alluded to by Faria and others concep-
tually will also be deductively reasoned and some 
resulting simulation results are presented and dis-
cussed in the next sections. 

The research objective addressed in this pa-
per is thus focused on the cyclic dynamic behav-
iour displayed by entrepreneurship in connection 
with unemployment. The research method fol-
lowed is exploratory (Cooper & Schindler, 2008) 
in nature and supplemented by a systems thinking 
(Frandberg, 2003; Jackson, 2003) and to some ex-
tent a system dynamics approach (Forrester, 1971, 
1994, 1999) suited well for assessing and in some 
depth case studies in business and technology en-
trepreneurship.  

2. Theoretical background 

To explore more fundamentally some of the dy-
namic relationships the concept of entrepreneur-
ship should be carefully evaluated. Since different 
scholars analyse different aspects of entrepreneur-
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ship, and different key factors affecting entrepre-
neurship itself in this article at least some defini-
tions of entrepreneurship and possible relation-
ship to technology transfer and economic aspects 
such as unemployment need some attention. 

Hughes (2003) provide some views on tech-
nology, knowledge transfer and entrepreneurship. 
Specifically, he links technology-based firms and 
their entrepreneurship activities to the technology 
transfer process. Specific mention is also made of 
linking “proxies for entrepreneurship, such as 
small business shares, or self-employment, to 
cross national variations in growth or unemploy-
ment rates”.  

In this research paper the authors focus also 
on the dynamics of entrepreneurship and unem-
ployment. As such one can perhaps then use re-
lated entrepreneurship indices from (OECD). An-
other entrepreneurship proxy used at times is the 
business share termed as the number of business 
owners  as a proportion of the labour force or em-
ployment (Faria & Cuestas, 2008) (OECD). 
Amoroso and Link (2018) examines the role of in-
novation and gender ownership as determinants of 
employment growth in Europe. European specif-
ics were analysed by Davidavičienė and Lolat 
(2016), Jankelová, Jankurová, Beňová, and Skor-
ková (2018), Tvaronavičienė (2016), Roman, Bi-
lan, and Ciumaș (2018) and Teixeira, Casteleiro, 
Rodrigues, and Guerra  (2018) as well. 

 Self-employment, business creation and in-
novation are also essential characteristics of entre-
preneurship especially in an urban context as in-
dicated in the work of Faggio and Silva (2014). 
Platzek, Pretorius, and Winzker  also specifically 
refer to the concepts of innovation, change, new 
business and the bigger picture in their discussion 
of the entrepreneurial mindset. The extent of in-
stitutional openness in universities towards uni-
versity-industry collaboration relation and effect 
of generation of knowledge-intensive spin-offs 
and academic patenting activity in the context 
of development countries were demonstrated by 
Fischer, Schaeffer, Vonortas, and Queiroz  
(2018). 

With the bigger picture or the bigger system 
in mind some researchers specifically refer to the 
extent that geographical location seems to affect 
entrepreneurship. The relationships between the 
entrepreneurship, cultural values, and GDP per 
capita in developed countries were presented by 
Fernández-Serrano, Berbegal, Velasco, and Ex-
pósito  (2018). Factors of  productivity fostered by 
entrepreneurship and its impact on national level 
economic efficiency were analysed by Du and 

O’Connor (2018). Geographical location seems to 
affect entrepreneurship e.g. (Fernhaber, Gil-
bert, & McDougall, 2008; Mitchneck, 2017). De-
veloping countries entrepreneurship specifics 
were analysed widely and in quite different ap-
proaches by researchers as well (Dana & Ratten 
2017; Jodoin 2017; Muhammad, Waren, & Binte-
Saleem, 2017; Bastian, Sidani, & El Amine,  
2018; Bongomin, Munene, Ntayi, & Malinga, 
2018; Yessoufou, Blok, & Omta, 2018). Some ef-
fects of geographical location are also alluded to 
in the results and validation sections of this paper 
where entrepreneurship indices for different coun-
tries are mentioned and differences in entrepre-
neurship dynamics are indicated from secondary 
data analysis. 

It thus seems to be appropriate to use ele-
ments of new business creation as proxy for entre-
preneurship. There are many definitions to be 
found for entrepreneurship in the literature 
(Lazear, 2005; Klein, 2008; Platzek et al., 2014). 
For the purpose of this paper the focus in entre-
preneurship will be on technology, innovation, 
market, strategic, new business employment crea-
tion and system issues related to the entrepreneur-
ial mindset. The entrepreneurial mindset is also 
explored by Van der Lingen and van Niekerk 
(2015) in their assessment of enterprising ten-
dency of Science Engineering and Technology 
learners. The systems thinking method or ap-
proach for example promoted by Jackson (2003) 
and Meadows and Wright (2008) is used to some 
extent in the development of the unemployment 
and entrepreneurship systems model in the next 
section. 

System dynamics (Forrester, 1971, 1994, 
1999; Sterman, 2000), systems thinking (Mea-
dows & Wright, 2008) as well as computer simu-
lation implementation in Vensim Anon (2018) are 
integrated in the research approach used and illus-
trated in the next sections. Some qualitative vali-
dation of the system dynamics model for entrepre-
neurship as suggested by Barlas (1996) is also 
provided by using and analysing economic data 
obtained from OECD .  

In summary the research method used in this 
paper is focused on addressing the following basic 
research questions: Is there a dynamic relationship 
of cyclic nature between unemployment and en-
trepreneurship? Can this relationship if it exists be 
implemented and simulated using a system dy-
namics approach? The next section will focus on 
the background and development of a systems 
model for entrepreneurship and unemployment. 
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3. The unemployment and entrepreneurship 
systems model 

The systems model describing the interaction be-
tween entrepreneurship and unemployment pre-
sented in this paper is based on the economic ex-
planation and basic equations presented by Faria 
(Faria & Cuestas, 2008). Their economic explana-
tion for the feedback relationships between unem-
ployment and entrepreneurship is summarised as 
follows. 

An increase in unemployment leads to crea-
tion of new businesses. The work of Dohse and 
Vaona (2018) also presents some evidence for this 
statement. This in turn results in more employ-
ment opportunities (also in some sense supported 
by Alonso-Borrego and Collado (2002) when they 
refer to a positive relationship between innovation 
and employment) leading to a decrease in unem-
ployment. Furthermore an increase in new busi-
nesses can lead to more competition (an idea for 
example also supported by Porter (1985) in his 
discussion on technological change and competi-
tion) resulting in the closing of businesses that are 
not as competitive. This will in the end lead to in-
crease in unemployment again. 
 

 
Figure 1. Unemployment and Entrepreneurship 

Causal loop diagram (source: created by authors) 

This is essentially a form of systems thinking 
(Jackson, 2003) that can be represented in the 
causal loop diagram developed for this paper us-
ing software Vensim (Eberlein & Peterson, 1992; 
Barlas, 1996; Eberlein, 2010; Anon, 2018). The 
CLD in Figure 1 also represents in some initial 
form the dynamic hypothesis associated with the 
entrepreneurship model which will be extended to 
a system dynamic model further in this section. In 
Figure 1. Business creation is intended to be a 
proxy for entrepreneurship as described in section 
1 and also supported by Faria and Cuestas (2008). 

This systems thinking CLD was not provided 
by Faria and Cuestas (2008) and is presented here 
as some extended discussion of their work. This 
CLD provides the basis for the development of the 

following unemployment and entrepreneurship 
system dynamics (SD) model. The systems think-
ing model for entrepreneurship is represented in 
the CLD with two interlinked causal loops one be-
ing a reinforcing (+) cycle and the other a balanc-
ing (–) cycle. This however on its own does not 
necessarily indicate cyclic dynamic behaviour for 
entrepreneurship. 

To model this detailed behaviour a systems 
dynamic model for entrepreneurship together with 
the appropriate modeling equations is required. 
The software Vensim is again used for this system 
dynamics model development in this paper. In its 
most basic understanding Vensim is a simulator 
for solving and simulating systems of differential 
equations. In these equations rates are the time 
differentiated form of model equations and are 
typically represented by valves in the Vensim sys-
tem dynamics models. Furthermore the resulting 
integrated forms of these rate equations are then 
represented by boxes or levels in the Vensim dia-
grams. 

For this research the two basic rate differen-
tial equations for unemployment (U) and entrepre-
neurship (E) presented by Faria and Cuestas 
(2008) are adapted for use in the system dynamics 
Vensim model for unemployment and entrepre-
neurship. For the current purpose the system dy-
namics model boundaries are drawn around the 
concepts of entrepreneurship and unemployment. 

Other factors such as social structure, for ex-
ample across national or geographical boundaries, 
are not directly accounted for or can be lumped in 
the exogenous factors such as E1 etc. See for ex-
ample (Faria et al., 2008; Faria & Cuestas, 2008). 
The basic equations adapted from Faria and 
Cuestas (2008) represent for example the positive 
relation between unemployment level and rate of 
business creation or entrepreneurship moderated 
negatively by the competition between  new busi-
nesses in equation (2): 

1 U U E ;  (1) 

1 1   E U E E F .  (2) 

Where U1, E1 and F1 are exogenous model 
variables related to steady state unemployment 
level, time delays and steady entrepreneurship pa-
rameters respectively. 

When these equations are implemented in 
Vensim the unemployment entrepreneurship sys-
tem dynamics model in Figure 2 results with for 
example the box level Entrepreneurship having an 
integral equation (3) and initial value 1 associated 
with it: 
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Figure 2. Unemployment and Entrepreneurship  

System Dynamics (SD) model  
(source: created by authors) 

The base case SD model has been imple-
mented using the model parameter value shown in 
Table 1. Initial values of 25 and 11 percent are 
used for Unemployment U and Entrepreneurship 
E to be representative to some extent of typical 
economic values obtained for certain countries in 
Europe and Africa. 

Table 1. Some typical base case model parameters 
(source: created by authors) 

 
Model parameters- equations (1) 

and (2) 

Units: Percent-
age or Dmnl 

U1 E1 F1 
U 

ini-
tial 

E 
ini-
tial 

Base case  
values 

20 0.5 0 25 11 

4. Some results and discussion for cyclic  
entrepreneurship behaviour. 

In this section firstly some system dynamics (SD) 
simulation results obtained with the basic entre-
preneurship unemployment SD model developed 
in Vensim and presented in the previous section 
are discussed. The Euler integration method is 
used in Vensim with numerical time integration 
increment of 0.0625 year for all simulation results 
presented in the next section. Simulated results are 
presented generally for a period of 10 years for all 

cases. For qualitative comparison with some 
OECD economic data later on in this section a 
base case simulation has been done using the 
model parameter values indicated in table 1. 

The latter part of this section is devoted to 
some qualitative validation of the Entrepreneur-
ship SD model. For this the qualitative SD dy-
namic hypothesis validation approach suggested 
by Barlas (1996) is followed. The validation is 
here focused mainly on substantiating some dy-
namic patterns such as trends, frequencies, peri-
ods etc. observed from data gathered and analysed 
using OECD . The entrepreneurship real data an-
alysed was focused mainly on the cases such as 
Spain, Ireland, Lithuania and South to compare 
dynamic trends where relevant between cases and 
SD simulation data. 

Initial system dynamic simulation results for 
the base case with initial values of 25% and 11% 
for Unemployment and Entrepreneurship respec-
tively are shown in Figure 3. For this entrepre-
neurship simulation results a time period of cyclic 
behaviour of approximately 6.5 years is indicated. 

What is also evident from the simulation re-
sults is that both Entrepreneurship en Unemploy-
ment show dampened cyclic behaviour over time. 
A maximum of approximately 27.4% for Unem-
ployment at time 0.5 year and 32.5% Entrepre-
neurship at year 1.75 is simulated for this base 
case. This simulated dampened behaviour is a re-
sult of the reduction in business creation that may 
come from the competition created be entrepre-
neurship as also indicated by J. R. Faria and 
Cuestas (2008).  

To investigate what the effect of a policy 
change of restricting competition from entrepre-
neurial efforts would be some nonlinearity was in-
troduced on the parameter E1 such that E1 would 
on its own be dependent on Entrepreneurship (E) 
as indicated in Figure 4. Such a policy change 
could be the result of a firm acquiring a nearby 
technology competitor and thus reducing the com-
petition from that source on itself. This is for ex-
ample also illustrated by Grimpe and Hussinger 
(2008) in their work on competition and competi-
tive behaviour in technology markets. This focus 
of policy as a course of action related to a change 
in system structure and or decision rules is also 
emphasised by authors such as Sterman (2000), 
Saeed (2014) and others. 

The simulation results for such a nonlinear 
policy change related to Entrepreneurship are 
shown in Figure 5. A simulated increase in Entre-
preneurship from 32.9% to 35.8% at year 1.75 is 
indicated for the change from the base case to the 
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nonlinear case. This increase may then be ascribed 
to the relaxation of the nonlinear competition ef-
fect of entrepreneurship in the adapted SD model.  

 

 
Figure 3. Entrepreneurship and Unemployment simu-

lated using the SD model and basic parameter set 
(source: created by authors) 

 
Figure 4. Some nonlinear effect of Entrepreneurship 

on E1 (source: created by authors) 

 

Figure 5. Entrepreneurship simulation with  nonlinear 
effect of Entrepreneurship on E1  

(source: created by authors) 

This concludes the very exploratory initial 
simulation research shown using the Entrepre-
neurship SD model. Suffice it to say at this stage 
that the indicated cyclic behaviour of Entrepre-
neurship and Unemployment can be shown to be 
strongly dependent on the internal structure of the 

system parameters. As such some of the real word 
findings from OECD data can show totally 
damped and even exponential type growth behav-
iour under certain conditions. The rest of this sec-
tion is now devoted to some qualitative validation 
(Barlas, 1996) of initial SD model results for En-
trepreneurship and Unemployment. Specifically 
aspects of four cases were analysed from OECD 
data namely that of Spain, Ireland, Lithuania and 
South Africa. 

The OECD business indicators for entrepre-
neurship and unemployment as defined in that 
source were analysed for specific periods of time 
and used for qualitative comparison to SD simu-
lations provided previously. Specifically new en-
terprise births as a percentage value were used as 
proxy for entrepreneurship in this exploratory re-
search. Also availability of OECD data in this for-
mat led the authors as a first comparison to use 
this proxy and not the businesses created per la-
bour force proxy suggested by Faria and Cuestas 
(2008) at this stage.  

Results of analyses of OECD data for the 4 
cases considered in this paper are shown in Figure 
6 to Figure 10. From these figures it is qualita-
tively concluded that all 4 cases, Spain, Ireland, 
Lithuania and South Africa, seem to shown prac-
tical evidence of cyclic behavior in Enterprise 
Births (here considered as proxy for Entrepreneur-
ship) and or Unemployment to various degrees. 

 

 
Figure 6. New enterprise births as proxy for  Entre-
preneurship; Spain and Ireland data analysed from 

OECD (source: created by authors)  

Figure 6. shows for example periodic behav-
ior in Entrepreneurship for Spain and Ireland with 
time period ranging between 6 and 7 years. Figure 
7 shows a similar trend for Lithuania with period 
approximately 7 years. This is also supported by 
the periodic behaviour of Unemployment for 
Spain with period of approximately 10 years be-
tween the years 2005 and 2015 inferred from Fig-
ure 9. These values for periodic behavior are also 
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supported in the SD simulation results presented 
previously as well as the data from Faria and 
Cuestas (2008). 
 

 
Figure 7. New enterprise births as proxy for  Entre-
preneurship; Lithuania data analysed from OECD 

(source: created by authors) 

The Entrepreneurship Index on a scale of 1–
5 for year 2013 with data analysed for a number 
of global countries from OECD is shown in Fig-
ure 8. From these results it may be inferred that 
there are distinct differences in entrepreneurial ac-
tion in different countries or regions. This means 
that geographical location seems to matter where 
entrepreneurship is concerned as also mentioned 
by Fernhaber et al. (2008). In this respect it is 
worth mentioning the differences in Entrepreneur-
ship Index in 2013 for Lithuania (4.43), Ireland 
(4.02), Spain (3.9) and South Africa (3.83).  

If one compares the analysed new enterprise 
birth rates from Figure 6 and Figure 7. Lithuania 
features higher than both Spain and Ireland across 
the entire time span from 2008 to 2015. This again 
supports the result for geographical effect on en-
trepreneurship gleaned from Figure 8. There 
seems to be an anomaly between Figure 8 and Fig-
ure 6 for the year 2013.  

The results from Figure 6 seem to indicate 
that the enterprise births as proxy for entrepre-
neurship for Ireland was below that of Spain for 
the entire period. In Figure 8 the Entrepreneurship 
Index for Spain was however below that of Ire-
land. One should however remember that in real-
ity entrepreneurship is influenced by many more 
factors than only enterprise births. These may in-
clude factors such as self-employment, culture, 
bankruptcies etc. as shown also in OECD .  

For the purpose of initial exploratory re-
search on the dynamic effects between entrepre-
neurship and unemployment in this paper a choice 
was made to have enterprise births as a proxy for 
entrepreneurship. Although this seems to be rea-
sonable choice especially just to explore the pos-
sibility of cyclic behaviour in entrepreneurship as 

successfully shown in the results of for example 
Figure 3. One has to be careful in evaluating all 
the results as shown here. 
 

 

Figure 8. Entrepreneurship Index; data analysed from 
OECD (source: created by authors) 

Some practical economic indicator evidence 
for periodic behavior with damping or competi-
tion effect of Unemployment for Spain is also pre-
sented for the time span from 1999 to 2007 in Fig-
ure 9. This trend of Unemployment is qualita-
tively similar to the SD simulation results pre-
sented in Figure 3 and Figure 5. If one qualita-
tively compares Figure 6 and Figure 9 the trend of 
data analysed for the period after 2010 seems to 
indicate that as enterprise births increase unem-
ployment decreases with a time delay to some ex-
tent at least for Spain. This supports the dynamic 
hypotheses upon which the system dynamics 
model for entrepreneurship was developed in the 
previous section. 
 

 

Figure 9. Unemployment rate; Spain data analysed 
from OECD (source: created by authors) 

In Figure 10 one can again observe the gen-
eral cyclic dynamic trend in unemployment rate 
for South Africa analysed from OECD data be-
tween the year 2000 and 2010. The general trend 
that is observed implies a cyclic period of approx-
imately 10 years for unemployment that seems to 
at least qualitatively support the SD simulation re-
sults presented previously. From the year 2010 to 
2016 however a general increasing trend is seen. 
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This may support a previous statement in the SD 
model development section that the behaviour of 
the SD model is generally determined by the 
model structure and not necessarily external con-
ditions. It can be shown in principle that the SD 
model may deliver exponential type results for a 
particular choice of model parameters related to 
the model structure. 

 

 

Figure 10. Unemployment rate; South Africa data  
analysed from OECD (source: created by authors) 

The next section will address some conclu-
sions from the current research results obtained 
for entrepreneurship and unemployment. Specific 
reference is made to the initial research questions 
posed in the introduction to the paper. 

5. Conclusions 

The brief literature review presented in the intro-
duction section provided some relevant conclu-
sions. The research of Faria and Cuestas (2008) 
was identified as a possible source for basic mod-
eling of entrepreneurship in connection with un-
employment. This work was extended in this pa-
per using a systems thinking approach to establish 
a causal loop model for the creation of business 
and thus entrepreneurship integrated with unem-
ployment. This did not form part of the original 
work of Faria. Furthermore a system dynamics 
model was created in this paper that can be used 
as a business decision making tool to address pol-
icy issues with entrepreneurship for example re-
lated to mergers and acquisitions in technology 
markets.   

This then lead to the conclusion related to the 
first research question about the existence or not 
of cyclic behaviour of entrepreneurship and un-
employment in a (technology) business environ-
ment asp posed in the introduction section of this 
paper. Economic and Entrepreneurship data gath-
ered and analysed from the OECD source for the 

cases of Spain, Ireland, Lithuania and South Af-
rica generally addressed the research question 
positively. 

This data analysis was also used to qualita-
tively validate the system dynamics model devel-
oped in this paper incorporating some of the the-
ory of Faria and others for entrepreneurship and 
unemployment. This addressed the second re-
search question of this paper about the possibility 
of establishing a system dynamics model for the 
entrepreneurship unemployment cyclic behav-
iour. In this SD simulation process it was also 
shown that the entrepreneurship dynamic behav-
iour is highly dependent on the structure and pa-
rameter values associated with the interacting en-
trepreneurship unemployment system. This SD 
simulation tool that was developed in this paper 
can now be usefully employed as a business deci-
sion making and policy testing tool taking note of 
the assumptions made such as the fact that for ex-
ample culture of organisations was not directly 
taken into account in the SD model. 

Future research resulting from this paper may 
include extending structure of the SD model to 
take the dynamic behaviour of technology devel-
opment into account. This may for example in-
clude some research effort to link the technology 
interaction model presented by L. Pretorius and 
J. H. C. Pretorius (2014) with the current entrepre-
neurship and unemployment system model shown 
in this paper. Further practical business and tech-
nology cases representing dynamic entrepreneur-
ship effects may also be identified and analysed 
for future research to serve as possible sources of 
business and technology SD model validation. 
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